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(54) Electrical solder and method of manufacturing 

(57) An electrical solder composition comprising; a 
primary metal powder having a first melting tempera- 
ture; at least one additive metal powder having a sec- 
ond melting temperature much higher than said first 
melting temperature; and a flux, said primary metal 
powder, additive metal powder and said flux being 
mixed into a solder paste, said solder paste having a 
melting temperature approximately equal to said first 
melting temperature and less than said second melting 
temperature, whereby said solder paste becomes a sol- 
der composition after heating above said first tempera- 
ture and below said second temperature, said additive 
powder becoming incorporated into said solder compo- 
sition without melting. 

A method of manufacturing the solder composition ' 
is also disclosed. 
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Description 

The present invention relates to an electrical solder composition having a primary metal powder and an additive 
metal powder mixed into a solder paste. The metal powder may be either an elemental metal or a metal alloy. More spe- 

5 cif ically, the present invention relates to a method of manufacturing an electrical solder having a primary metal powder 
and a higher melting temperature, additive metal powder mixed therein. 

It is known to manufacture an electrical solder paste that is made of metal or alloy particles mixed with flux. In such 
conventional solder paste, the metal particles are made by melting a metal or alloy ingot and atomising the molten metal 
into fine particles of suitable size distribution. Such solder paste can be used for electronics packaging. The solder 

10 paste is first printed onto the bond pad of the substrate whereupon the electrical circuit resides. The substrate material 
may be, for example, fibre-reinforced epoxy resin (for example FR4) or ceramics (for example alumina). A solder paste 
is applied to the substrate and electronic components are placed onto the printed solder. The assembly is sent through 
an oven with a prescribed temperature profile, such that the metal particles in the solder paste will melt, flow and spread 
to the component termination surface and then re-solidify as the solder cools. The solder forms joints between the elec- 

75 tronic components and the electronic circuit on the substrate. The solder joints serve as electrical interconnects 
between the electronic components and the electrical circuitry on the substrate of the electronic module. 

The electronic module both heats and cools from the current passing through the electronic component and from 
the exposure to ambient temperatures. Because the electronic component, solder, and substrate are each made of dif- 
ferent materials, they expand and contract differently in response to such temperature variations. As a result, large ther- 

20 momechanica! loading including stress and strain is imposed on the solder. The situation is especially severe in 
automotive applications because the temperature variations are very large and are repeated thousands of times over 
the life of the vehicle. Coupled with the vibrations from the road, the interconnects are exposed to very large stress and 
strain. Under such conditions, the solder microstructure coarsens, and weakens the solder joint. Eventually, the solder 
interconnect may develop fatigue failures by crack initiation and propagation through the solder joint, rendering the elec- 
ts tronic module non-functional. It is therefore highly desirable to produce solder joints that are resistant to such fatigue 
failures 

Tin-lead solders (63%Sn-37%Pb, or 62%Sn-36%Pb-2%Ag) and tin-silver solder <96.5%Sn-3.5%Ag) are widely 
used in current production of automotive electronic modules, and solder manufacturing processes such as alloy mak- 
ing, atomisation and flux formulation as well as soldering process parameters such as printing and reflow have been 

30 well established. However, these solders frequently suffer from the fatigue failures as described above in automotive 
applications, especially for large size electronic components. 

In order to enhance the reliability of the solder joint, two approaches can be taken. In the first approach (the 'mate- 
rial approach*), a different and more fatigue resistant solder material can be used. Such solder materials should be sta- 
ble and resistant to coarsening and fatigue damage. The choice of materials tor this approach, however, is limited by 

35 the fact that the solder must also possess chemical and physical characteristics (such as melting temperature, wetta- 
bility, etc.) suitable for soldering and properties (such as corrosion resistance, thermal/electrical conductivities, etc.) 
required for the intended application. It is therefore advantageous for any new solders to be based on the currently used 
Sn-Pb and Sn-Ag solders. The second approach (the 'geometry approach') is to produce solder joints that have a large 
stand-off height (the height of the solder between the substrate and the component). In the case of leadless chip com- 

40 ponents. for example, the fatigue life of the solder joint has been shown roughly to be inversely proportional to the max- 
imum shear strain in the stand-off region of the solder joint, which arises as a result of temperature variations due to the 
difference in the coefficient of thermal expansion (CTE) for the various materials involved; this maximum shear strain is 
in turn, generally speaking, inversely proportional to the stand-off height. Therefore, increasing the starid-bff height is 
expected to increase the solder joint fatigue life. This however is not simple to achieve, because on the one hand, the 

45 amount of solder paste that can be deposited on the bond pad is limited by the printing process in high volume produc- 
tion due to the presence of fine pitch devices on the same module; and on the other hand, when the solder paste melts, 
it flows and spreads to the end of the component termination therefore reducing the amount of solder that is left 
between the component and the substrate. 

U.S. Patent 5.127,969 ('969) teaches an electrical solder ingot containing a metal alloy and a reinforcement mate- 

so rial mixed therein, and a method for its manufacture. The reinforcement material may be either a metal, metal alloy or 
carbon fibre. The reinforcement material is formed into a particulate or fibrous form and mixed with the solder alloy. The 
electrical solder is heated to a molten or semi-solid state and reinforcement material is mixed therein under Vigorous 
shearing". However, it is believed that the composition taught in the *969 patent cannot be used for the application 
intended for the present invention. In any soldering application, the solder ingot will have to be remelted. For example, 

55 in solder paste manufacturing, the solder ingot has to be remelted and atomised into fine particles in the range of 30- 
50 microns. This process however will completely separate the solder alloy and the reinforcement material. Notwith- 
standing the assertion that the composite retains its desired microstructure after remelting, it is believed that remelting 
the composite solder ingot will cause the distributed reinforcement particles to completely separate from the solder 
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alloy. The only way of using the '969 patent may be in the form of solder wires in hand soldering; but even in hand sol- 
dering, separation is still expected to occur. Further, hand soldering is a low volume, low speed operation and is there- 
fore not the object of the present invention. 

U.S. Patent No. 5,350,105 f105) teaches a solder connection having a first solder portion with a first melting point 

5 and a second solder portion with a second melting point that is higher than the first melting point. The purpose of this 
construction is for the second solder portion to indicate when the first solder portion has flowed and/or to control the 
flow of the first solder portion. The '1 05 patent further teaches the use of two solder alloys that remain separate. These 
alloys do not improve the mechanical, physical or electrical properties of the resulting solder connection. 

The present invention seeks to simultaneously utilise the two approaches described previously (the materials 

10 approach and the geometry approach) to enhance solder interconnect fatigue life. It is therefore desirable to have a 
composite solder that retains the general physical properties of the currently used solder but also have improved 
mechanical performance over the life of the electronic module. It is further desirable that the composite solder be com- 
patible with existing high volume solder manufacturing methods. Further, it is desired that the solder be applied as a 
paste using high speed printing and transfer equipment, for reflow soldering which is the predominant electronic pack- 

75 aging process preferred for automotive applications. 

Currently, most solder alloys are produced by mixing a predetermined proportion of ingredients in a metal or 
ceramic crucible and heating the mixture until the metals become molten. The molten metal is then poured into moulds, 
and ingots are made when the metal cools and solidifies. To make solder paste, the ingots are re-melted and atomised 
in a controlled atmosphere to make a fine solder powder. The resulting powder is mixed with flux to form a solder paste. 

20 The solder paste is applied to a circuit board through stencil or screen printing, and electronic components are placed 
on the printed paste. The circuit board is then placed into an oven and heated to a temperature sufficient to cause the 
solder powder to melt and flow. When the temperature decreases, the molten solder solidifies forming solder joints with 
the electronic components. 

The present invention relates to a method of manufacturing an electrical solder paste that includes, in addition to 
25 the primary solder powder used in conventional solder paste, an additive metal powder component that does not melt 
(except for a certain amount of dissolution) during the soldering process. This additive metal or alloy powder component 
if- ' causes the solder to be more viscous and therefore creates solder joints with large stand-off heights. Further, the solder 
ft- : joints are significantly more resistant to fatigue damage over the life of the electronic module. 

r . The electrical solder is manufactured by mixing af irst metal powder (the primary powder) and a second metal pow- 

\3o der (the additive powder). Metal powders may be either elemental metal or a metal alloy. The powders are made by con- 
ventional methods such as re-melting the metal ingot followed by atomisation. The primary powder is the same as is 
* used in conventional solder paste. The additive powder has a melting point substantially higher than the melting point 

of the primary powder. The primary powder and the additive powder are mixed in predetermined proportions with flux 

t to form a solder paste. The method of mixing powders with flux to form a solder paste is well established. Conventional 

35 fluxes are used, which may include ingredients that serve as vehicles, oxide-removal agents, etc. Solder paste charac- 
teristics (e.g. thixotropy) suitable for storage, printing, and other process requirements are well established. 

As a result of developing the method of the present invention, it was discovered that a solder composition having a 
tin-silver alloy (e.g. 96.5% Sn-3.5% Ag) powder (the primary powder) mixed with additive powder of bismuth (Bi) (3-15% 
of total metal weight), silver (Ag) (3-1 1% of total metal weight), copper (Cu) (3-10% of total metal weight), or nickel (Ni) 

40 (3-10% of total metal weight), or combinations thereof, provides a solder which has improved fatigue and creep resist- 
ance and does not contain toxic ingredients. The phrase total metal weight is the weight percentage of a elemental or 
alloy metal in comparison to the weight of all of the metal components of the solder paste, but excluding the weight of 
the flux. A solder having 3-11% of total metal weight of bismuth has been found to be an especially effective additive 
powder for the tin-silver alloy. Composite solders having primary powder of tin-lead-silver alloys (e.g. 63% Sn-37% Pb, 

45 62% Sn-36% Pb-2% Ag) and additive powder of bismuth (3-20% of total metal weight), tin (3-30% of total metal weight), 
lead (3-25% of total metal weight) or silver (3-15% of total metal weight), or combinations thereof, were also found to 
have significantly improved fatigue and creep resistance. A solder of 3-20% of bismuth and 3-25% of lead was found to 
be particularly effective. 

The present invention provides a solder exhibiting favourable thermal and electrical conductivities. Further, the 
so invention provides a solder composition that is affordable and in reasonable supply for large production use and that 
takes advantage of existing high volume production equipment and soldering processes. 

The invention will now be described, by way of example, with reference to the accompanying drawings, in which: 

Figure 1 is a schematic drawing showing the make-up of the solder paste; 
55 Figure 2 is cross-sectional view of a solder joint prior to heating; and 
Figure 3 is cross-sectional view of a solder joint after heating. 

The present invention is directed to a composite solder composition that provides good fatigue and creep resist- 
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ance. It is especially directed to providing a durable and damage resistant electrical interconnect for electronic compo- 
nents exposed to wide temperature variations as is commonly encountered in automotive applications. A common 
accelerated test for measuring the durability of a solder for automotive applications is to expose the interconnect to a 
large temperature variation, typically from -55 to 125°C. This temperature variation is repeated for up to 2000 cycles. 
Each cycle from hot to cold causes the substrate, electronic components, metal leads, and solder to expand and con- 
tract (often with widely different CTEs). The cycle of expansion and contraction generates thermomechanical loading in 
the solder joint. 

While not wishing to be bound by the following theory, it is believed that the thermal cycling causes the microstruc- 
ture of the solder to coarsen. The coarsened microstructure results in a weakened solder. Eventually, under thermome- 
chanical loading (stress/strain), cracks are initiated in the solder and then propagate through the joint and eventually 
the interconnect fails making the electronic module inoperable. The inclusion of the additive powder in the solder paste 
in the present invention, while not changing any of the soldering process parameters or component/substrate proper- 
ties, produces larger stand-off heights in the solder joint and thus reduces the magnitude of the shear strain in the joint. 
The inclusion of the additive powder also has a reinforcing effect on the solder joint due to the higher melting point and 
fine microstructure. The solder exhibits an increased solder microstructural stability (i.e. reduced microstructurai coars- 
ening) under cyclic thermomechanical loading. It is this combination of increased strength with reduced loading that 
leads to increased fatigue life of the solder interconnects. The physical properties of the solder allow for the use of exist- 
ing production processes and equipment. 

The solder compositions that were found to include the preferred properties include solders having a primary pow- 
der of tin-silver alloy or tin-lead-silver alloy, and an additive powder of tin, lead, silver, nickel, copper, or bismuth, or com- 
binations thereof. Bismuth was especial ly preferred. 

Commercially available metal particles, having an average particle size between 30-100 microns, were obtained. 
As illustrated in Figure 1 , primary powder 2 and additive powder 4 were mixed in predetermined proportions with flux 6 
to form solder paste 8. The following samples were made. 

Examples . 



Table 1 



Sample No. 


Primary Powder Alloy 
Composition (wt %) 


Additive Metal Powder 
(wt% of total metal.) 


Cycles before 0% solder 
joint failure 


1 


62Sn, 36Pb. 2Ag 


none (PRIOR ART) 


250-500 


2 


62Sn, 36Pb, 2Ag 


5.5 Sn 


750-1000 


3 


62Sn. 36Pb, 2Ag 


11 Sn 


750-1000 


4 


62Sn, 36Pb, 2Ag 


21.7 Sn 


1250-1500 


5 


62Sn, 36Pb, 2Ag 


5.5 Pb 


1000-1250 


6 


62Sn, 36Pb, 2Ag 


11 Pb 


>2000 


7 


62Sn, 36Pb. 2Ag 


21.7 Pb 


250-500 


8 


62Sn, 36Pb, 2Ag 


5.5 Ni 


500-750 


9 


62Sn, 36Pb, 2Ag 


5.5 Cu 


500-750 


10 


62Sn, 36Pb, 2Ag 


11 Cu 


<250 


11 


62Sn, 36Pb, 2Ag 


5.5 Ag 


1000-1250 


12 


62Sn, 36Pb. 2Ag 


5.5 Bi 


1500-1750 


13 


62Sn, 36Pb, 2Ag 


11 Bi 


>2000 


14 


96.5Sn, 3.5 Ag 


none (PRIOR ART) 


<250 


15 


96.5Sn, 3.5 Ag 


5.6 Ni 


<250 


16 


96.5Sn, 3.5 Ag 


5.6 Cu 


500-750 


17 


96.5Sn, 3.5 Ag 


5.6 Ag 


750-1000 


18 


96.5Sn, 3.5 Ag 


11 Ag 


250-500 
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Table 1 (continued) 



Sample No. 


Primary Powder Alloy 
Composition (wt. %) 


Additive Metal Powder 
(wt% of total metal.) 


Cycles before 0% solder 
joint failure 


19 


96.5Sn, 3.5 Ag 


5.6 Bi 


1500-1750 


20 


96.5Sn, 3.5 Ag 


11 Bi 


1250-1500 



The solder paste 8 thus made may be applied with conventional solder printing method and apparatus such as 
ro stencil printing or screen printing. The solder paste 8 is applied atop a circuit board 10 as illustrated in Figures 2-3. An 
electronic component 12 (e.g. surface mount devices, SMD) is then placed onto the solder paste 8. The assembly 14 
then is sent through an oven with a predetermined thermal profile, the peak temperature of the profile being such that 
the primary powder 2 melts and flows to wet the bond pad 16 on the substrate 10. The melted primary powder 2 also 
wets the component termination surfaces 18. The additive powder 4 does not melt (except for a certain amount of dis- 
75 solution). The assembly 14 is removed from the oven and allowed to cool. The solder solidifies and forms a solder joint 
20 between the electronic component 12 and the substrate 10. The additive powder 4 is dispersed through the solder 
joint 20. The stand-off height H 2 of the solder joint 20 is less than the printed solder paste thickness H v 

To assess the reliability of the composite solder paste, printed wiring boards (PWB) were assembled with 2512 
ceramic chip resistors soldered on FR4 substrate. The 2512 resistor was selected for its large size which generates 
20 large shear strains in the solder joint and thus accelerates the failure process. Boards thus made were subjected to a 
severe thermal cycling regime, from -55 to 1 25°C, for up to 2000 cycles. The solder joint continuity was examined elec- 
trically at 250 cycle intervals. The results are listed in Table 1 above. 

Example 1 . 

25 

A composite solder was prepared with particles of a solder alloy (62%Sn-36%Pb-2%Ag), mixed with bismuth par- 
ticles in proportions ranging from 5.52% to 1 1% (as a percentage of the total metal weight of the paste), and a no-clean 
RMA (rosin mildly activated) flux, to form a solder paste. The 62%Sn-36%Pb-2%Ag and Bi powders were of a - 
325/+500 mesh size. The solder paste was applied to a substrate via a stencil printing process. Electrical components 

30 (2512 ceramic chip resistors) were placed atop the solder paste. The assembly comprising the substrate, solder paste, 
and components was passed through a reflow oven and heated to a peak temperature between 210-215°C. The melt- 
ing temperature of the alloy powder was approximately 1 79-1 89°C. The melting temperature of the bismuth powder was 
approximately 271 °C. Therefore, the bismuth powder did not melt (except for a certain amount of dissolution) during the 
reflow process. The 62%Sn-36%Pb-2%Ag powder melted, flowed and spread across the bond pad on the substrate 

35 and component termination surfaces and formed a metallurgical bond with the component and the bond pad when it re- 
solidified as the temperature decreased. The bismuth powder was embedded within the solder joint with good metallur- 
gical bonding. 

After soldering, the interconnect displayed significantly larger stand-off height between the component and the sub^ 
strate than those produced with conventional solder paste. The microstructure of the solder joint is refined because of 

40 the presence of bismuth metal particles in the solder. When the solder joint is subjected to thermomechanical loading, 
the bismuth particles have a reinforcing effect on the solder joint due to the higher melting point and the fine microstruc- 
ture which is inherent in the bismuth particle due to the high cooling rate during the atomisation process. Further, the 
microstructural stability under cyclic thermomechanical loading and the mechanical strength of the composite solder is 
greater than regular solders due to the presence of the bismuth particles. 

45 Test boards built with the composite solder paste containing 1 1 % bismuth particles showed no solder joint failures 
after 2000 cycles. Test boards built with conventional solder paste had solder joint failures after 250 to 500 cycles and 
showed 1 8% solder joint failures after 2000 cycles. This indicated that the fatigue life of solder having 1 1% bismuth was 
greatly increased over solders not having an additive metal powder. 

so Example 2. 

Similarly to Example 1 , a composite solder was prepared with particles of a solder alloy (96.5%Sn-3.5%Ag), mixed 
with bismuth particles in proportions ranging from 5.55% to 1 1% (as a percentage of the total metal weight of the paste), 
and a no-clean RMA flux, to form a solder paste. The powders were of a -325/+500 mesh size. The solder paste was 
55 applied to a substrate via a stencil printing process. 251 2 ceramic chip resistors were placed atop the solder paste. The 
assembly comprising the substrate, solder paste, and component was passed through a reflow oven and heated to a 
peak temperature between 250-255°C. The melting temperature of the alloy powder was approximately 221 °C. The 
melting temperature of the bismuth powder was approximately 271 °C. Therefore, the bismuth powder did not melt 
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(except for a certain amount of dissolution) during the reflow process. The 96.5%Sn-3.5%Ag powder melted, flowed 
and spread across the bond pad on the substrate and component termination surfaces, and formed a metallurgical 
bond with the component and the bond pad when it re-solidified as the temperature decreased. The bismuth powder 
was embedded within the solder joint with good metallurgical bonding. 

5 After soldering, the interconnect again displayed significantly larger stand-off heights between the component and 

the substrate than those produced with conventional solder paste, and the microstructure of the solder joint was refined. 
The bismuth particles had a reinforcing effect on the solder, and the microstructural stability under cyclic thermome- 
chanical loading and the mechanical strength of the composite solder was greater than regular solders due to the pres- 
ence of the bismuth particles. 

10 Test boards built with the composite solder paste containing 5.55% bismuth particles showed no solder joint failures 

after 1 500 cycles. Test boards built with conventional solder paste started to show failures in the solder joint before 250 
cycles and showed 63% solder joint failures after 1500 cycles. This indicated that the fatigue life with concentration 
including 5.55% bismuth was greatly increased over solders not having an additive metal powder. 

Similarly, the composite solder paste can be applied by printing or dispensing onto silicon chips with metallised 

is areas and ref lowed to form solder bumps for flip chips. Because of the composite solder has a high resistance to fatigue 
damage, flip chips with composite solder bumps may be used on ceramic substrates or PWBs, with or without underfills 
or encapsulants. 

Application . 

20 

Composite solder pastes were found to be readily manufacturable using existing equipment and processes. 
Because of the relatively low silver content, the alloys were low cost and suitable for production in large commercial 
quantities. The solder paste comprising primary powder of the 96.5%Sn-3.5%Ag alloy and additive powder of nickel, 
silver, copper, or bismuth, is a lead-free solder composition and does not contain toxic ingredients. The solder paste 
2$ made from these compositions may be used with regular printing equipment and ref lowed using conventional solder 
reflow equipment and processes. The peak soldering temperature will generally be at least 10-15°C or preferably 10- 
30 W C above the melting temperature of the primary powder alloy, but below the melting temperature of the additive pow- 
der metal. 

Other forms of application are also possible. Composite solder paste may be formulated for stencil or screen prirrt- 
30 ing, or syringe dispensing. The composite solder paste may be applied throughout the substrate of a module, or it may 
be applied to only selected components which require increased fatigue damage resistance. In one example of appli- 
cation, the composite solder paste may be printed or dispensed into an area of certain dimensions, and then ref lowed 
into preforms to be used for die attachment applications. Extrusion or other methods may also be used to manufacture 
solder preforms. In another application example, composite solder paste may be applied to the substrate and ref lowed 
35 without first placing the components to form pre-deposited solder on the substrate. Components may be placed onto 
the pre-deposited solder at a different manufacturing location and then reheated to reflow the solder and attach the 
component. 

Different alloys may be adapted for different applications. Alloys of indium/bismuth, bismuth/tin, tin/indium, anti- 
mony/lead, tin/zinc, lead/indium, tin/zinc, lead/indium and lead/silver were all found to be useful by utilising the method 
40 disclosed herein. Elemental metal powders of tin, nickel, copper, silver, bismuth, lead, and combinations thereof were 
also found to be suitable additive metal powders. 

Claims 

# . . ► 

45 1. An electrical solder composition comprising; 

a primary metal powder having a first melting temperature; 

at least one additive metal powder having a second melting temperature much higher than said first melting 
temperature; and 

so a flux, said primary metal powder, additive metal powder and said flux being mixed into a solder paste, said 

solder paste having a melting temperature approximately equal to said first melting temperature and less than 
said second melting temperature, whereby said solder paste becomes a solder composition after heating 
above said first temperature and below said second temperature, said additive powder becoming incorporated 
into said solder composition without melting. 

55 

2. An electrical solder composition claimed in Claim 1 , wherein said primary powder comprises between: 
60-99% Sn; 
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0-40% Pb; and 
0-10% Ag. 

3. An electrical solder composition as claimed in Claim 1. wherein said additive powder metal is selected from the 
5 metal group comprising Sn, Pb, Ni, Cu, Ag, and Bi and mixtures thereof. 

4. An electrical solder composition as claimed in Claim 1 , wherein the weight percentage of said additive powder 
metal as a percentage of the total metal weight of said paste is between 2.5-30%. 

10 5. An electrical solder composition as claimed in Claim 1 , wherein said additive powder metal comprises between: 

0-30 % Sn; 
0-25% Pb; 
0-15% Ag; and 
75 0-20% Bi. 

6. An electrical solder composition as claimed in Claim 1 , wherein: 

4 

said primary powder metal is made from 96.5%Sn-3.5%Ag alloy; and 
20 said additive powder metal is bismuth and the weight percentage as a percentage of the total metal weight of 

said paste is between 3- 1 5% Bi . 

7. An electrical solder composition as claimed in Claim 1 , wherein: 

25 said primary powder metal is made from 62%Sn-36%Pb-2%Ag alloy; and 

said additive powder metal is bismuth and the weight percentage as a percentage of the total metal weight of 
said paste is between 3-20% Bi. 



30 



8. An electrical solder composition as claimed in Claim 1 , wherein: 

said primary powder metal is made from 62%Sn-36%Pb-2%Ag alloy; and 

said additive powder metal is lead and the weight percentage as a percentage of the total metal weight of said 
paste is between 3-25% Pb. 

35 9. An electrical solder composition as claimed in Claim 1 , wherein: 

said primary powder metal is made from 62%Sn-36%Pb-2%Ag alloy; and 

said additive powder metal is tin and the weight percentage as a percentage of the total metal weight of said 
paste is between 3-30% Sn. 



40 



10. An electrical solder composition as claimed in Claim 1, wherein: 



said primary powder metal is made from 62%Sn-36%Pb-2%Ag alloy; and 

said additive powder metal is silver and the weight percentage as a percentage of the total metal weight of said 
45 paste is between 3-15% Ag. 

11. A method of manufacturing an electrical solder composition comprising: 

forming a primary metal powder having a first melting temperature; 
so forming an additive metal powder having a second melting temperature substantially higher than the first melt- 

ing temperature; and 

mixing said primary powder and said additive powder with flux to form said solder composition. 

55 
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(54) Electrical solder and method of manufacturing 



(57) An electrical solder composition comprising; a 
primary metal powder having a first melting tempera- 
ture; at least one additive metal powder having a second 
melting temperature much higher than said first melting 
temperature; and a flux, said primary metal powder, ad- 
ditive metal powder and said flux being mixed into a sol- 
der paste, said solder paste having a melting tempera- 
ture approximately equal to said first melting tempera- 
ture and less than said second melting temperature, 



whereby said solder paste becomes a solder composi- 
tion after heating above said first temperature and below 
said second temperature, said additive powder becom- 
ing incorporated into said solder composition without 
melting. 

A method of manufacturing the solder composition 
is also disclosed. 
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